Introduction and hypothesis Obstetric anal sphincter injuries (OASIS) are serious complications of vaginal birth. In a pregnancy following OASIS women may be keen to avoid an elective caesarean section, yet cautious about pursuing another vaginal birth that may result in further damage to the pelvic floor and possible long-term anal incontinence. This review aimed to evaluate the impact of subsequent birth and its mode on anal incontinence (AI) and/or quality of life (QoL), for women with previous OASIS. Methods Searches of MEDLINE, EMBASE, CINAHL, and AMED from inception to February 2016 were undertaken with selection criteria of any study evaluating the effect of a subsequent birth on AI and/or QoL in women with previous OASIS. Where possible, data were extracted to populate 2 × 2 tables and allow meta-analysis relating to the impact of subsequent birth on AI and/or QoL. Results Twenty-seven non-randomised studies were included. Meta-analysis of 14 studies (977 women) did not demonstrate any significant associations between AI in women with previous OASIS and subsequent birth or its mode. Impact on QoL was reported in 12 studies (912 women); however, difference in outcome reporting precluded data meta-analysis. Conclusions Comparisons of outcomes and effective synthesis were limited by sample size, quality and heterogeneity of the studies included. Consequently, the optimal mode of delivery for women with previous OASIS is still not known and better data are needed.
Introduction
Obstetric anal sphincter injuries (OASIS) are a serious complication of vaginal birth with a reported UK incidence ranging from 0 to 8% [1] . They are recognised to be a major risk factor for anal incontinence (AI), resulting in concern amongst some women considering subsequent mode-of-delivery after having sustained an OASIS. Recent UK data demonstrate a steadily rising incidence of this type of trauma over the past decade, possibly because of the increased awareness and improved methods of detection [2] . Using an average prevalence of 5%, it is estimated that 30,000 women in the UK sustain OASIS annually. Even though the risk of AI is substantially increased after OASIS most women with this injury have no bowel problems [3] . For these women and in the absence of an obvious sphincter defect on ultrasound, the Royal College of Obstetricians and Gynaecologists (RCOG) recommends discussion and consideration of all modes of birth, based on limited, low level 4 evidence [3] . Indeed, data show that, before consideration of AI symptoms, over 60% of women with previous OASIS would prefer a subsequent vaginal birth [4, 5] . Therefore, the majority of women seem to be keen to avoid Electronic supplementary material The online version of this article (doi:10.1007/s00192-016-3226-y) contains supplementary material, which is available to authorized users unnecessary major surgical intervention, such as caesarean section, although a significant number are still cautious about pursuing another vaginal birth that could result in further damage to the pelvic floor and long-term AI. This systematic review is aimed at assessing currently available evidence to guide women with previous clinically diagnosed OASIS in making an informed choice about subsequent births and mode of delivery.
Materials and methods
A protocol using widely recommended methods for systematic reviews of observational studies was developed and registered with PROSPERO International prospective register of systematic reviews [6, 7] . The PRISMA statement and checklist were followed throughout review preparation (Appendix S1).
MEDLINE, EMBASE, CINAHL and AMED databases were searched electronically from inception to February 2016. A combination of medical subject headings (MeSHs), to encompass both bowel function and quality of life, keywords, and word variants using Boolean operators BORâ nd BAND^to capture relevant text citations were used. Search strategies were adapted for each database (Appendix S2). The term Bsubsequent birth^was not included in the original search to reduce the risk of limiting access to all possibly relevant articles. In addition, reference lists of relevant articles were manually searched to identify papers not captured by electronic searches. The search focused on capturing any randomised controlled trials (RCTs) or nonrandomised studies (NRS) studies reporting the impact of a subsequent birth on bowel function and/or quality of life for women with previous OASIS. Case series and case reports were excluded. Conference papers and abstracts were included if they contained sufficient information regarding study design and outcome data. No language restrictions were applied, but the search was limited to human studies. The search strategies were developed by two reviewers: SSW and DY. A database of all abstracts of citations was compiled.
Studies were selected in a three-stage process. First, each title and abstract were assessed by two reviewers (SSW and MM) and full articles of all references that were likely to fulfil predefined criteria were obtained. These articles were then assessed by two independent reviewers (SSW and DY), against pre-designed inclusion/exclusion criteria, with any discrepancies referred to a third party (KMI) for the final decision. Studies were included if they gave information with supporting statistical evidence on AI and/or QoL for women with previous OASIS undergoing a subsequent birth.
Data were extracted on study quality, participants' characteristics and impact of subsequent birth and mode, on bowel function, including de novo symptoms or changes in preexisting symptoms, and/or QoL using a pre-designed data capture form. Data extraction was performed by two reviewers (SSW and MM), with assistance from a third reviewer should a discrepancy occur (DY). The primary outcome was the impact of having a subsequent birth on AI and/or QoL for women with previous OASIS. Our definition encompassed the International Continence Society (ICS)-recognised definition of AI, which is involuntary loss of flatus, liquid or solid faeces, and also faecal urgency [8] . When extracting data, it was noted whether the studies considered each of these elements in isolation or as composites. Whenever possible, data were extracted to compute 2 × 2 tables where women with previous OASIS had reported the impact of the subsequent birth on AI and/or QoL, through either questionnaires or interviews.
Risk bias and the quality of the cohort studies included were assessed by using the Joanna Briggs Institute Prevalence Critical Appraisal Tool (Table S1 ) [9] , and case control studies were quality assessed using the NewcastleOttawa Quality Assessment Scale (Table S2 ) [10] . Quality assessment was then used to assess the methodological adequacies of the studies included and assist with the interpretation of meta-analysis findings and possible bias resulting from study heterogeneity.
RevMan 5.2 was used for statistical analysis [11] . A random-effects model was used because of the high likelihood of clinical and statistical heterogeneity. Meta-analysis was performed if two or more eligible studies provided comparable data. All other eligible studies were analysed descriptively. Dichotomous data are presented as summary odds ratios with 95% confidence intervals. Continuous data are presented as standardised mean differences. Statistical heterogeneity in the meta-analysis was assessed by using the I 2 statistic. Any value >25% was considered significant [12] and was investigated further with a sensitivity analysis of excluding studies of markedly different study design/dataset.
Results
Twenty-seven non-randomised studies (NRSs) from 9 countries were included (25 cohort; 2 case control) (Table S3) , of which 14 cohort NRSs were included for quantitative synthesis by meta-analysis ( Fig. 1) . No RCTs or relevant systematic reviews were identified.
Study quality assessment of all the cohort and case control studies included revealed deficiencies in many methodological areas. For the cohort NRSs, no studies met all ten quality criteria (Fig. S1 ). Only 1 study (3.84%) met eight criteria, the remainder fulfilled seven or less, with 15 studies (60%) meeting ≤50% of the quality criteria. Neither of the two case control studies met all nine criteria (Table S4) . No studies were excluded from the systematic review for failure to fulfil the quality criteria.
In relation to the primary objective, 13 of the total of 27 studies which satisfied inclusion criteria, (48.2%) were undertaken primarily to assess the impact of a subsequent birth for women with previous OASIS (Table S3) . From all 27 of the studies included, a total of 3,297 women were followed up after a primary OASIS; however, data regarding the impact of subsequent birth on AI and/or QoL were only available for 1,781 women (54%). Owing to the structure of the questionnaires and reporting methods for multiple symptoms, data on relevant outcomes were only available for meta-analysis on 997 (977 out of 1,781; 55.9%) of these women, in 14 studies ( Table S5 ). Studies that could not be meta-analysed are described individually. Of the 27 studies included, 12 studies (44.4%) considered the impact of a subsequent birth on a woman's QoL.
The use of validated measurement tools was reported in 37.1% of the studies.
Only 2 studies (7.4%) [13, 14] included details about required sample sizes to achieve adequate powering of calculations; however, these were not achieved in either study because of high attrition rates.
Fifteen (55.5%) of the studies included used data for women who sustained and had OASIS repair before the first edition of the RCOG green top guidelines in July 2001 [3] , recommending that standardised classification and repair management be introduced (Table S6) .
Subsequent birth vs no subsequent birth (irrespective of mode)
Impact on AI Meta-analysis of five cohort NRSs [13] [14] [15] [16] [17] did not demonstrate a significant difference in reported AI in women with previous OASIS who had a subsequent birth, irrespective of mode, compared with those who did not (562 women; OR 1.25; 95% CI 0.73-2.15; I 2 = 36%; Fig. 2 ). Unlike all other studies included in this meta-analysis, Nordenstam et al. [17] had a primary study objective of the natural progression of AI following childbirth, not specifically for women with previous OASIS. Inclusion of this study resulted in an I 2 value of 36%. We therefore repeated the meta-analysis following exclusion of this study; however, this still did not demonstrate a significant difference (532 women; OR 1.36; CI 0.84-2.19; I 2 = 25%).
Of the two studies by Sze [13, 14] , both undertaken in the USA, one demonstrated outcomes favouring subsequent vaginal birth for women with previous fourth degree OASIS (OR 1.88, 95% CI 0.91-3.87) compared with the other, which favoured no subsequent vaginal birth for women with the Several studies that reported data relevant to this comparison, but could not be included in the meta-analysis provided contradictory information. In a retrospective cohort study of 125 women with matched controls, De Leeuw et al. [18] reported that for women with previous OASIS there was no association between AI and having a subsequent vaginal birth or not (41% vs 39% respectively; OR 2.32; 95% CI 0.85-6.33; p = 0.10). A retrospective follow-up NRS (mean 27.5 years ± 2.4) of 99 women with OASIS from their first birth by Huebner et al. [4] also found no association between parity irrespective of mode and anal incontinence of either liquid/solid stool (OR 1.69; 95% CI 0.58-4.97; p = 0.335) or flatus (OR 2.25; 95% CI 0.94-5.41; p = 0.067). Likewise, in their study of women with OASIS and matched controls (mean follow-up 22.2 years), Soerensen et al. [19] found no association between long-term AI and having a subsequent birth in women with third-or fourth-degree OASIS. A retrospective cohort study by Sangalli et al. [16] reported that subsequent vaginal birth in women who previously sustained third-degree OASIS (n = 80) was associated with a significant decrease in the severity of AI (p = 0.02), whereas for women with previous fourth-degree OASIS (n = 34), subsequent vaginal birth was associated with an increased risk of severe incontinence (p = 0.042). A similar study by Bek and Lauberg [20] found a significant association between transient AI in women directly after sustaining primary Bcomplete^OASIS and permanent AI after a subsequent vaginal birth (OR 8.7; 95% CI 1.9-39; p = 0.05); however, the study sample size was small (n = 56). Reid et al. [21] also found that having a subsequent birth was significantly associated with symptoms of AI at 3 years following primary OASIS (p = 0.012). Similarly, in a small study (N = 117), Poen et al. [22] demonstrated a significantly higher incidence of reported symptoms of AI in women with subsequent birth versus those without (RR 1.6; 95%CI 1.1-2.5; p = 0.025; mean follow-up period was 4.7 years; range 0.8-11.3). Visscher et al. [23] found that AI was increased in women with subsequent birth relative to those without (p = 0.008), but this was a very small study that excluded all women who were asymptomatic following their first OASIS.
Three studies provided data on AI symptoms in relation to the total number of subsequent births following OASIS [13, 14, 17] . Meta-analysis of these did not demonstrate a difference in reported AI related to one compared with two or more subsequent vaginal births for any category of OASIS (two studies, 210 women; OR 0.88; 95% CI 0.40-1.94; I 2 = 19%; Figure S2 ), or for women with a previous fourth-degree OASIS (two studies, 130 women; OR 0.94; 95% CI 0.39-2.31; I 2 = 12%; Figure S2 ).
Regarding a change in the reported AI, meta-analysis of eight cohort NRSs [17, 20, [24] [25] [26] [27] [28] [29] , demonstrated that there was no significant change in reported AI symptoms in women with previous OASIS before and following their subsequent birth, irrespective of mode (438 women; OR 1.04; 95% CI 0.58-1.85; I 2 = 34%; Fig. 3 ). Unlike all other studies included in the meta-analysis, Tetzschner et al. [29] and Bondili et al. [25] reported findings in women with subsequent elective caesarean section and inclusion of these two studies in the meta-analysis resulted in an I 2 value of 34%. A repeat metaanalysis without the inclusion of these studies still did not demonstrate a significant worsening in AI for women with previous OASIS following a subsequent vaginal birth (131 women; OR of 1.36; CI 0.72-2.59; I 2 = 0%). With regard to individual studies, An et al. [31] showed that in her sample of 67 women with previous OASIS, 82% reported AI symptoms to be the same or improved following a subsequent birth and concluded that low AI measurement scores pre-subsequent birth were a significant predictor of normal continence post-subsequent birth (p = 0.0002).
Impact on QoL
Quality of life was studied in only one small case control study of women who sustained recurrent OASIS in their subsequent birth (cases n = 34) compared with women who did not, matched for age and ethnicity (controls n = 34), showing no change to QoL for women at 12 weeks postpartum compared with antenatal parameters, nor between the two groups [31] .
Vaginal birth vs caesarean section

Impact on AI
Three cohort NRSs were meta-analysed for mode of subsequent birth [29, 31, 32] , which did not demonstrate any difference in de novo AI or worsening of symptoms in women with previous OASIS following subsequent vaginal birth relative to subsequent caesarean section (three studies, 195 women; OR 0.61; 95% CI 0.20-1.90; I 2 = 0%; Fig. 4 ). Similar to other outcomes, individual studies produced mixed findings. In a prospective cohort study after primary sphincter repair, Reid et al. [21] , found that at 3-year follow-up, AI symptoms were more frequent in women with subsequent caesarean section (5 out of 92); however, they attributed this to the fact that symptomatic women were offered elective caesarean section.
Naidu et al. [33] , Fitzpatrick et al. [34] , and Jorden et al. [31] , found no worsening of AI symptoms for women having whichever mode of subsequent birth they were recommended by their clinician. Scheer et al. [35] , using a validated questionnaire, demonstrated an improvement in all symptoms of AI except solid incontinence, after subsequent vaginal birth; however, again, the study only included women who underwent their recommended mode of subsequent birth and was very small (n = 35).
Impact on QoL
Scheer et al. [35] also studied QoL and found a significant negative impact on three domains post-birth: incontinence impact (p = 0.012), emotions (p = 0.003), and severity measures (p = 0.032), for women (n = 9) having subsequent recommended caesarean section (because of the substantial compromised anal function), compared with those undergoing a recommended vaginal birth.
Discussion
This systematic review summarises the available evidence regarding the impact of subsequent birth for women with a previous history of OASIS on AI and/or QoL. As no RCTs were identified, this is based on data from 27 cohort and case control NRSs, across nine countries, predominantly with methodological inadequacies (data provided for 1,781 of the 3,297 women where data relating to subsequent births following OASIS were available) [4, [35] [36] [37] [38] [39] [40] [41] .
Meta-analysis did not demonstrate a difference in AI in women with previous OASIS who had a subsequent birth compared with those who did not (five studies; 562 women); or a change in AI in women with previous OASIS before and following subsequent birth irrespective of mode (eight studies; 438 women); or a difference in de novo AI or worsening symptoms in women with previous OASIS following subsequent vaginal birth compared with subsequent caesarean section (four studies; 211 women).
Despite QoL being an important indicator for women with previous OASIS when deciding on future pregnancy and birth mode, research in this area was limited (12 studies, 912 women) and no data were suitable for meta-analysis owing to differences in outcome reporting between studies.
The several strengths to this systematic review include rigorous searching, study selection, quality appraisal and data extraction methodology. The term Bsubsequent birth^was not included in the original search to reduce the risk of limiting access to all possibly relevant articles. Also, not restricting NRSs enabled all possible studies to be included.
The main limitation of the review findings arises from both the quality and heterogeneity of the individual studies on which they are based, with the majority of studies not looking Fig. 4 Incidence of worsening of or de novo symptoms of AI in women with previous OASIS: subsequent vaginal birth versus subsequent caesarean section at symptom severity and/or small sample sizes. All studies satisfying the inclusion criteria were NRSs, 14 (52%) not conducted with the primary intention of investigating the impact of a subsequent birth on AI and/or QoL for women with previous OASIS. Only 14 of the studies included reported data allowing inclusion in meta-analyses. Consequently, the risk that findings from a meta-analysis of NRSs are subject to over-exaggeration of the tested intervention (i.e., subsequent birth or its mode) because of methodological biases must be acknowledged [42] . However, lack of difference found from meta-analyses undertaken mitigates this potential risk. Data on confounding variables were also limited in many of the studies and must be taken into account in future research. Another consideration is improvement in OASIS recognition and repair. Structured training, use of recommended suture materials and repair techniques are associated with good clinical outcomes [36, 43, 44] . Attention to the above was driven by the RCOG Green-top guideline first published in 2001 [3] . Consequently, data from women delivered before these recommendations (55.5% of the NRSs included) may not be representative of those in centres where recommended interventions for OASIS assessment and repair have been implemented. A sub-analysis of studies with data from women having a subsequent birth after 2003 (to allow time for RCOG evidence-based recommendations to become embedded in clinical practice), limited the number of studies eligible for inclusion and when meta-analysis was still possible, did not show any differences in findings (Appendix S4). However, some of these results should be interpreted with caution because of evidence of significant statistical heterogeneity (Appendix S4 Fig. S4b) . Nevertheless, we believe that, because of a lack of evidence of the universal adoption of this practice and increasing mobility of women between units and countries, the results of this review remain relevant. Further sub-analysis to assess the impact of suture material, repair method, follow-up on clinical outcomes would have complimented this review; however, data are not readily available in the studies included.
Recognition and primary repair of OASIS immediately following birth has improved [2] ; moreover, sustaining OASIS has not been demonstrated as a factor deterring women from having subsequent pregnancies [45] . The main focus for clinicians is helping women to choose the optimal mode of subsequent birth. In our clinical experience, there is a wide variation between individual women with regard to their choice of mode of subsequent birth. Some are prepared to pursue another vaginal birth, despite evidence suggesting that the risk of an OASIS in a subsequent vaginal birth might be greater than for women with no previous history of OASIS [4] , although other women request a caesarean section irrespective of health practitioner advice. Interestingly, the study by Bondili et al. [25] , found improvements in AI in symptomatic women recommended to undergo subsequent elective caesarean section.
This could be improvement influenced by achieving the desired mode of birth, learning to cope with/adapt to symptoms of AI in the longer term, or actual improvement because of management interventions such as dietary changes or physiotherapy. It is important to highlight the difference in the follow-up period between these two studies-6 months and 10 years respectively. Although these findings remain a matter of debate, they demonstrate the psychological complexity of pregnancy and giving birth and that OASIS and its long-term complications cannot be considered in isolation. It is therefore interesting that this review highlights that over half of the research suitable for inclusion concentrates on the occurrence of AI for women with OASIS undergoing a subsequent pregnancy and birth, but not its severity or impact on QoL.
Women may wish to pursue their desired mode of subsequent birth; however, pregnancy and childbirth is a dynamic process with unpredictable events necessitating unplanned interventions. The majority of studies excluded women who did not obtain their planned mode of subsequent birth (through maternal choice or clinical need), or had a subsequent caesarean section. This affects representativeness, as AI may be a consequence of other factors related to pregnancy and labour, such as pudendal neuropathy, prolonged labour, instrumental delivery, or even pregnancy itself.
The current RCOG guideline [3] acknowledges that the level of evidence supporting their recommendations regarding the mode of subsequent birth for women with previous OASIS is low (level 4). However, in our opinion, this review clearly demonstrates that current evidence is substantially limited to provide any meaningful guidance. It also highlights, as there are few studies involving women assessed and repaired using 2001 RCOG recommendations, that there is currently no literature reporting long-term outcomes of bowel function and quality of life for these women who undergo a subsequent birth. This calls for urgent collaborative prospective work to generate the evidence required to inform practice.
Conclusion
In the absence of higher quality evidence this systematic review and meta-analysis supports the current recommendation of a subsequent vaginal birth for women with previous OASIS who demonstrate no AI symptoms or sphincter defects. However, evidence is urgently needed to support or refute the practice of recommending elective caesarean section for symptomatic women or those with ultrasound anal sphincter abnormalities.
Findings from this review support the RCOG guideline [3] recommendation for further research. If an RCT to assess the impact of mode of subsequent birth following OASIS on both AI and QoL was deemed acceptable by women, such a trial will need to be multicentre or indeed international to ensure timely conclusion without compromising its power to address important outcomes. A more immediate option would be a well-conducted, appropriately sized prospective cohort study of women with previous OASIS undergoing subsequent birth, with primary objectives of assessment of anal function, QoL and sphincter anatomy both before and after the intervention with on-going follow-up.
